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Background: Based on the inconsistency of some previous results related to moderate 
  exercise effects on systemic inflammatory responses, this study was conducted to determine 
the effects of 45 minutes of moderate aerobic cycling on inflammatory markers, interleukin-6 
(IL-6), interleukin-10 (IL-10), C-reactive protein (CRP), and leucocyte counts in young 
active men.
Methods: Ten healthy, active collegiate men (aged 21.03 ± 1.2 years, body fat 12.04 ± 2.72% and 
VO2max 59.6 ± 2.4 mL/kg/min) in a quasiexperimental pre/post design, participated in an acute, 
moderate cycling protocol at an intensity of 50% VO2max for 45 minutes. The   inflammatory 
markers (serum IL-6, IL-10, CRP, and peripheral blood leucocyte counts), along with cortisol 
and epinephrine, were examined before and after the protocol. Data were expressed as mean 
(± SD) and analyzed by paired t-test using SPSS15 at α # 0.05.
Results: The results showed that serum IL-6, IL-10, CRP, total leukocyte counts, and stress 
hormones (epinephrine and cortisol) were significantly increased following 45 minutes of mod-
erate cycling in active collegiate men (P , 0.001). However, all pre- and post-measurements 
were in the population range.
Conclusion: Based on the present results, it can be concluded that moderate cycling is not 
only sufficient to induce systemic inflammation in active collegiate men, but also appears to be 
safe from an immunological point of view.
Keywords: moderate cycling, pro- anti-inflammatory cytokines, C-reactive protein
Introduction
Chronic noncommunicable diseases (CNCD) such as cardiovascular conditions 
(mainly heart disease and stroke), some cancers, chronic respiratory conditions, 
and type 2 diabetes affect people of all nationalities and classes and are reaching 
epidemic proportions worldwide. Chronic disease accounts for approximately 
60% of all deaths worldwide.1–7 On the other hand, inflammatory mechanisms 
have an important role in the pathological processes of chronic disease.7–18 This 
response is initially characterized by a local release of cytokines (eg, interleukin-6 
[IL-6] and interleukin-10 [IL-10]), soluble polypeptides, and stress hormones (eg, 
cortisol and epinephrine) as modifying factors for the amplification and regula-
tion of the inflammatory cascade.19–23 Cytokines are also involved in numerous 
physiological functions, such as muscle and bone tissue turnover, immunoregula-
tion, and hematopoiesis22 and their circulating levels have been related to several 
disease processes, primarily atherosclerosis, cardiovascular disease, and all chronic 
noncommunicable diseases.4–18 Furthermore, physical training is effective in the International Journal of General Medicine 2011:4 submit your manuscript | www.dovepress.com
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protection from and treatment of chronic disease.22–35 
Public health physical activity recommendations state 
that moderate-intensity aerobic physical activity for a 
minimum of 30 minutes, at least 5 days each week, con-
fers substantial protection against chronic diseases.27–30 
Strenuously performed exercise may, however, cause 
harmful effects.23
Moderate exercise may have several beneficial effects 
for physical and psychological health and for immune 
system activity in both young and aged individuals.11 
Some previous studies have shown that moderate-intensity 
exercise elicits changes in certain inflammatory markers.22 
However, other studies have demonstrated that one bout 
of moderate exercise elicits no detectable change in the 
levels of various markers of inflammation.13,24,36–39 Several 
factors, including personal characteristics (eg, sex, age), 
history of exercise (active vs nonactive), and environmental 
conditions may affect results.
In view of these discrepancies in the data, the present 
study was conducted to determine the effect of a limited 
(45-minute) moderate aerobic exercise on inflammatory 
markers, IL-6, IL-10, acute-phase reactants (eg, C-reactive 
protein [CRP]), and white blood cell count (WBC) in young, 
healthy active men.
Methods
Subjects
The subjects were 10 young active male students (aged 
21.03 ± 1.2 years, body fat 12.04% ± 2.72%, and VO2max 
59.6 ± 2.4 mL/kg/min) living at Tabriz   University campus. 
Therefore, nutrition and other conditions were controlled. 
They had not participated in any heavy sport program in the 
previous 6 months. The exercise protocol was approved by 
the Ethics Committee of the Tabriz   University of Medical 
Science. All participants were informed about the purpose 
and risks of the study before written informed consent was 
obtained. The exercise was carried out at the Department 
of Physiology, Tabriz University of Medical Science.
Preliminary measurements
One week before the study, health screening, anthropometric 
measurements, and maximal oxygen uptake were completed 
and determined in one session. Height, body weight, body 
mass index (BMI), and fat percent were determined by an 
experienced expert for both pre- and post-contest data. 
BMI was expressed as weight divided by height squared 
(kg/m2). Body fat percent was measured using a skin 
fold caliper (Eiken MK-60, Meikosha Co, Tokyo, Japan) 
and a standard protocol (ie, ASCM three-site suprailiac, 
abdomen, and triceps measured in millimeters):
Body fat % = (0.39287 × SSF) – (0.00105 × [SSF] 2) 
+ (0.15772 × age) – 5.18845,
where SSF = sum of skin fold.
The incremental maximal cycle test (Astrand, 1965) 
was performed on a cycle ergometer (Ergo metrics 800S, 
SensorMedics, Yorba Linda, CA, USA). Participants started 
the test against an initial workload of 100 W and maintained 
a constant pedaling rate (50 rpm) for the whole test. Every 
2 minutes, the workload was increased by 50 W until the 
participants were unable to maintain the pedal rate at 50 rpm. 
During Astrand maximal test, the respiratory gas exchange 
analysis was continuously measured breath-by-breath 
using the computerized standard open circuit technique 
  (SensorMedics Vmax 29, Yorba Linda, CA, USA). The gas 
analyzers were calibrated using standard gases of known 
oxygen and carbon dioxide concentration. Heart rate was 
measured with a heart rate monitor (Polar Electro, Kempele, 
Finland) and continuously supervised by a physician during 
all testing periods. Also, the rating of perceived exertion 
(RPE) was subjectively obtained by Borg scale in the final 
minute of the exercise protocol.40,41
experimental design and procedures
Subjects were asked to refrain from exercise and did not 
take any anti-inflammatory medications for 72 hours before 
moderate aerobic cycling. However, 1 week after preliminary 
measuring, all subjects participated in an acute moderate 
cycling protocol at an intensity of 50% VO2max for 45 min-
utes. The exercise protocol was conducted in the laboratory 
where the temperature ranged between 22°C and 25°C. 
The saddle height and handlebar positions of the ergometer 
cycle were adjusted to each subject’s requirements and a short 
self-paced warm-up (5 minutes) was allowed. Each exercise 
and blood sampling was performed at the same time, between 
9 and 10 AM, to protect against circadian fluctuation.
Blood sampling
Immediately before and after exercise, a blood sample (7 mL) 
was drawn from an antecubital vein. Immediately after 
  collection, 1 mL of blood was sent for complete blood cell 
count H1 analysis and three mL were dispensed into tubes 
and left to clot at room temperature for 10 minutes in order to 
collect serum. Remaining blood samples were dispensed into 
EDTA-coated tubes and centrifuged for 10 minutes at 3000 g 
to collect plasma. The plasma and serum samples were stored International Journal of General Medicine 2011:4 submit your manuscript | www.dovepress.com
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at −80°C until the day of assay. Plasma fasting blood glucose 
concentration was measured using an enzymatic reaction with 
glucose oxidase (Cobas Mira assay, Roche Diagnostic, Basel, 
Switzerland). Red blood cells (RBC), total and differential 
leukocyte count, as well as hemoglobin (Hgb) and hematocrit 
(Hct) levels were determined by automatic blood analyzer 
(Technicon H1, Technicon, Tarrytown, NY, USA).
eLISA
All measurements were performed using high sensitivity kits 
when available. This was the case for IL-6, IL-10 (Sanquin, 
Amsterdam, Netherlands), Hs-CRP (Pars Azmoon Co, Iran), 
epinephrine and cortisol (IBL, Hamburg, Germany).
The intra-assay variation for all enzyme-linked immu-
nosorbent assay (ELISA) measurements was between 3% 
and 7%; detection limits for IL-6 = 0.2 pg/mL and for 
IL-10 = 0.1 pg/mL. Leukocyte counts were adjusted for 
percentage changes in blood volume, whereas plasma and 
serum variables were adjusted according to percentage 
changes in plasma and blood volume, as calculated from 
Hgb and Hct.42
Statistical analysis
All data were defined as means (± SD) and were first checked 
for normal distribution using one-sample Kolmogorov-
Smirnov test and then statistical analyses were performed 
using the paired Student’s t-test. Relationships between the 
parameters were examined with the Pearson’s moment cor-
relation test (r). All statistical analyses were performed using 
the SPSS statistical software package (SPSS version 15.0 for 
Windows, SPSS Inc, Chicago, IL, USA). P value ≤ 0.05 was 
considered significant.
Results
Anthropometric and physiological characteristics of the study 
participants are described in Table 1.
Hgb, total leukocyte count, neutrophil,   lymphocyte, 
  monocyte, and CRP were significantly increased after 45 min-
utes of moderate cycling in young active men (Table 2). 
However, Hct was not   statistically different before and after 
moderate exercise (47.34% ± 2.03% vs 48.37% ± 2.99%, 
Table 2).   Following the cycling, the mean epinephrine, 
cortisol, IL-6, and IL-10 levels increased significantly 
(P , 0.001, Table 3). Figure 1 demonstrates the changes of 
stress hormones including epinephrine and cortisol before 
and after 45 minutes moderate cycling in these subjects. 
Table 3 shows the alterations in inflammatory markers 
(total leukocyte, CRP, IL-6, and IL-10) before and after 
45 minutes moderate cycling in young active men.
Nevertheless, all resting and post-exercise serum CRP 
concentrations (acute-phase protein) were within the 
population reference range of ,3.0 mg/L and IL-6, IL-10 
were in healthy individuals’ range (according to manufac-
turer guidelines, ,20 pg/mL for IL-6 and ,5 pg/mL for 
IL-10).
Discussion
In this study, we examined the influence of 45 minutes 
moderate aerobic cycling on blood concentrations of 
inflammatory markers and stress hormones in young 
healthy active men. Recent studies have shown that exercise 
type, individual fitness, duration, intensity, and history of 
exercise (active vs inactive) are important in determining 
the inflammatory response to exercise.13 Some previ-
ous studies have shown that moderate intensity exercise 
increases inflammatory markers,22 and others have found 
no effect.13,24,36–39 In the present investigation, we observed 
an inflammatory response following a 45-minute cycling 
protocol at 50% VO2max. Similar to this finding,   Nieman 
and coworkers showed an increase in total leukocyte count 
and serum IL-6 concentration following a 30-minute 
treadmill walk at 60%–65% VO2max in young women who 
walked regularly.27
Peake and coworkers, in contrast to our findings, 
investigated the effect of moderate-intensity exercise on 
serum concentrations of the anti-inflammatory cytokine 
IL-10, in young well-trained male runners and found no 
change after 60 minutes of running at 60% VO2max.24 It is 
not clear that differences in subject characteristics (ie, sex, 
age, fitness, history of exercise) and type of exercise 
(ie, cycling vs running) explain this discrepancy. Overall, 
these results suggest that physical activity may be associated 
Table 1 Anthropometric and physiological characteristics of subjects (n = 10)
Variable  Age  
(years)
Height  
(cm)
Weight  
(kg)
Body fat  
(%)
BMI  
(kg/m2)
VO2max  
(mL/kg/min)
AT  
(VO2max%)
Mean 21.3 175.6 64 12.04 20.8 59.6 0.53
SD 1.2 6.2 4.8 2.72 1.6 2.4 0.09
Abbreviations: BMI, body mass index; AT, anaerobic threshold; SD, standard deviation.International Journal of General Medicine 2011:4 submit your manuscript | www.dovepress.com
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with lower levels of systemic inflammation among healthy 
adults.2–7 Public health physical activity recommendations 
state that moderate-intensity aerobic physical activity for a 
minimum of 30 minutes for at least 5 days each week con-
fers substantial protection against chronic diseases, such as 
cardiovascular disease.5,9
In contrast to our findings, Markovich and   coworkers 
showed that a single bout of running at 50% VO2max for 
30   minutes did not cause change in various markers of 
inflammation (pro- and anti-inflammatory) in middle-aged 
sedentary men.13 Variances in results are perhaps due to dif-
ferences in type of exercise (cycling vs running), individual 
fitness (trained vs sedentary), or personal characteristics, 
such as age (young vs middle age).
Scharhag showed 3.5–4.5-fold increases in CRP con-
centrations 16–24 hours post-exercise.22 We observed 
only a small, though significant, increase in serum CRP 
concentration immediately after exercise and other studies 
have reported a small decrease in CRP concentrations 
24 hours post-exercise.43 These discrepancies could be due to 
differences in the sampling periods and lag of CRP appearance 
in circulation after different exercise intensities.
Furthermore, the different methods used to measure 
serum cytokine concentrations in these studies, such as flow 
cytometry or cytometric bead array are not sensitive enough 
to detect relatively minor changes in levels after various 
types of exercise. In contrast, ELISA is sensitive enough to 
detect low concentration changes of human cytokines after 
different exercises.44
Whereas, it appears that moderate-intensity exercise 
increases circulating pro- and anti-inflammatory markers 
in young active men who are accustomed to exercise and 
that some kind of intensity or duration threshold must be 
achieved to elicit an acute change in measures of IL-6, 
IL-10, and other inflammatory indices. Other studies have 
shown that exercise of a shorter or similar duration does 
not elicit an inflammatory response, but only if the inten-
sity is higher.36,43 Similarly, low-intensity protocols that 
are prolonged in duration (5 hours at 40% VO2max) also 
induce an inflammatory response.35 It is also noteworthy 
that studies that employ more intense exercise protocols 
tend to use younger and fitter individuals and this means 
that not only is there a difference in terms of relative work 
rate (ie, 50% vs 60% VO2max), but there will be an even 
more pronounced difference in absolute work rate because 
of an age-related decline in capacity (eg, in absolute run-
ning speeds).
Although inflammatory markers were increased after 
moderate exercise, all pre- and post- exercise values were 
within normal range and not harmful to subjects’ health from 
clinical point of view.
These findings suggest that anti-inflammatory and anti-
atherogenic effects of regular moderate-intensity physical 
activity must be explained by something other than a transient 
net anti-inflammatory response to each exercise bout and may 
be explained by other changes that accumulate when exercise 
is performed over weeks and months.
In view of the controversies in this field, it may have been 
interesting to measure the inflammatory marker levels at 
different times after the cessation of the exercise bout (0, 1, 
2, 5, and 24 hours, for example) to determine whether the 
changes observed were transient or sustained. No functional 
test of kinetic and subpopulation of leukocytes, along with 
serial measurements in the time period after exercise, were 
performed. A further investigation looking at different inten-
sities and durations of exercise on the immediate changes in 
these parameters would seem worthwhile.
Table 2 comparison of blood indices after 45 minutes of acute 
moderate exercise in young active men (n = 10)
Variable Stage Mean SD P value
Total leukocytes 
(×109/L)
Pre-exercise
Post-exercise
5.747
6.6
0.47
0.45
,0.01
Neutrophil 
(×109/L)
Pre-exercise
Post-exercise
3.015
3.462
0.123
0.555
0.035
Lymphocyte 
(×109/L)
Pre-exercise
Post-exercise
2.246
2.51
0.35
0.326
0.028
Monocyte 
(×109/L)
Pre-exercise
Post-exercise
0.383
0.421
0.065
0.691
0.030
Note: Blood indices significantly increased after 45 minutes moderate cycling in 
young active men.
Abbreviation: SD, standard deviation.
Table 3 Comparison of serum concentrations of inflammatory 
markers before and after 45 minutes moderate cycling in young 
active men (n = 10)
Variables Stage Mean SD P value
IL-6 
(pg/mL)
Pre-exercise
Post-exercise
1.157
1.578
0.07
0.12
,0.01
IL-10 
(pg/mL)
Pre-exercise
Post-exercise
2.367
2.992
0.133
0.231
,0.01
CRP 
(mg/L)
Pre-exercise
Post-exercise
0.45
0.69
0.23
0.14
,0.01
Blood sugar 
(mg/dL)
Pre-exercise
Post-exercise
77
73.5
9.39
10.44
,0.01
Note: Serum concentrations of IL-6, IL-10, and CRP significantly increased after   
45 minutes of moderate exercise in young active men.
Abbreviations: IL, interleukin; crP, c-reactive protein; SD, standard deviation.International Journal of General Medicine 2011:4 submit your manuscript | www.dovepress.com
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Figure 1 comparison of stress hormone (cortisol, epinephrine) changes before and after 45 minutes of moderate cycling in young active men.
Conclusion
Cycling at a moderate intensity for 45 minutes increased 
systemic markers of inflammation (WBC, serum IL-6, 
IL-10, and CRP concentrations) and stress hormones, 
but this increase has no clinical value and is not harmful 
for health. Therefore, repeated moderate cycling has an 
  anti-inflammatory effect and may protect individuals from 
chronic disease. Changes in inflammatory indices in active 
(regularly exercise during the week) compared to nonactive 
(sedentary) individuals are small.
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